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Why o_?

Strong coupling a. enters in the calculation
of every process that involves the strong interaction

World average value
o,(m;) =0.1181 £ 0.0011
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Deep-inelastic ep scattering

Neutral current scattering (NC) HERA ep collider in Hamburg

e'(k')
e(k)
p(p)
L= SSPETRA g
Kinematic variables Data taking periods
: : o « HERAI: 1994 — 2000
Photon virtuality Inelasticity « HERA II" 2003 — 2007
Q2:_q2:_(k_kr>2 y:% * \/S:BOO or 319 GeV
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H1l Experiment at HERA

H1 multi-purpose detector
Asymmetric design
Trackers
 Silicon tracker

» Jet chambers

* Proportional chambers
Calorimeters

 Liquid Argon sampling calorimeter

« SpaCal: scintillating fiber calorimeter

Superconducting solenoid
« 1.15T magnetic field

Muon detectors

High experimental precision
« Overconstrained system in NC DIS
* Electron measurement: 0.5 — 1% scale uncertainty
« Jet energy scale: 1%
e Luminosity: 1.5 - 2.5%
e Continuous upgrades with time

W Drawing of the
) H1 experiment

Terascale Workshop, Nov 2017 Daniel Britzger — a_(m_) in NNLO using H1 jets 4



Jet production in DIS

e :Jet.
@ B
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Boson-gluon fusion QCD Compton Exemplary event display
Jets in DIS measured in Breit frame )
° ep-> 2jets Breit frame
 Virtual boson collides 'head-on' with parton from proton pRiEUBA) L s
« Boson-gluon fusion dominant process !

P =(E.0,0,p")

QCD compton important only for high-p+ jets (high-x)

Jet measurement sensitive to a_and gluon density |

A
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Inclusive jet cross sections by H1

Inclusive jet cross sections HERA-I low-Q? \ / HERA-II low-Q?
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Dijet cross section by H1

Dijet cross sections
. do/dQzd<p,>
« 300 GeV, HERA-I & HERA-II
* low-Q2 and high-Qz2

Dijet definitions

« <p;> greater than 5,7 or 8.5 GeV

- P;jetgreater 4,5 o0r7 GeV

« Asymmetric cuts on p-ett and pyie2

« M,, cut for two data sets

Earlier studies
» Allinclusive jet and
dijet data have been
employed for a,
extractions in NLO
previously

/
| -> Data and uncertalntles ‘
‘ well-understood

> NNLO theory is new y \\ Eur.Phys.J.C19 (2001) 289 //
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DIS jet production in NNLO

[00000000
00000000
Double-real Real-virtual Double-virtual
Ante&rla PS redch:tEd PS
RRS _ g N ~ g —~— 0\ ~
doynio = X({px}) d®s({px}) x IM{Pm})? d®m({pm}) x T ({Pm})
e s » s u s !
antenna reduced ME jet function
A bit of history Antenna subtraction
* 1973 asymptotic freedom of QCD « Cancellation of IR divergences
« 1993 NLO studies of DIS jet cross sections with local _subtractlon terms
« Construction of (local) counter terms
« 2016  NNLO corrections for DIS jets « Move IR divergences across different

phase space multiplicities
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Scale dependence of NNLO cross sections

Dijets

H1 HERA-II phase space

16<o2<22c3ev2
7 <(P;)< 11 GeV

Inclusive jets
H1 HERA-II phase space
NNLO scale study 200\ 16 a2z oVt
« Smultaneous variation of B Al e
renormalisation and factorisation scale N
:
At lower scales 0
« Significant NNLO k-factors [ ]
* Reduced scale dependence in NNLO 05T i L
 Still relevant NNLO scale dependence 200 400<Q?<700GeV? T

* Inclusive jets with higher scale dependence SUsrzl ey

than dijets at lower scales
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a_-fit methodology

a, determined in X,-minimisation
* a,(m,) is a free parameter to NNLO theory prediction o,

Z log Vexp + Vhad + Vopr)j; log

oy

 NNLO theory is sensitive to a,(m,)

= Y [ il ) ) -

k=g,q,9

Perform fits to

« All inclusive jet data sets
« All dijet data sets

« All H1 jet data taken together (denoted as 'H1 jets')

(exclude HERA-I dijet data as correlations to inclusive jets are not known)
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Strong coupling in NNLO from jets

a, results from individual data sets
« High experimental precision
« Scale uncertainty is largest (theory) error
o All fits with good 2
-> consistency of data

Main result
 Inclusive jets & dijets
u>28GeV, 91 data points

Vs

(XS(’H’Lz) = (0.1157 (20)cxp (6)had (S)PDF (2)PDF055 (S)PDFset (27)scale

AN

~

J

 Moderate exp. precision
« Scale uncertainty dominates
* PDF uncertainties negligible

Smallest exp. uncertainty
o Fitto all data: Ao = (9)ey,

o, results from H1 jet data in NNLO

I | I I 1 | I I ] |

H1anda NNLOJET

H1 inclusive jets
300 GeV high-Q? —e
HERA-I low-Q? ————

HERA-I high-Q?
HERA-II low-Q? —o—t
HERA-II high-Q?

H1 dijets
300 GeV high-Q? = .
HERA-I low-Q? —t———

HERA-II low-Q?
HERA-II high-Q?

—t——t—

Multiple data sets

H1 inclusive jets (ji>2m) — e+

H1 inclusive jets (ji>z28cev) ———

H1 dijets (i>2m,) e

H1 dijets (i>28Gev) ———

H1 jets (i>2m,) —H—a

H1 jets (i>28Gev) ———

H1 jets (i>42Gev) ——at-

World average [pocis) | = |
0.11 .12
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Scale dependence of a_ fit

a. results as a function of scale factors
» Smooth results for all studied scale

variations
* L variation with more impact than .

X2 values
« somewhat a 'technical parameter'
-> not intended to be a parabolas
« x2 values increase for large scale factors
-> |large scale factors disvafored
» scale choice appears to be reasonable

a, (mz} from fit to H1 jets

%2/ Ny
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0.8
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Scale choice for o fit

Functional form for scales (u,,u;)
« Study various scales built from Qz and p;

H1 inclusive jets

H1 dijets

E 1 T T T T T
Scale choice o -fit

£ 014 o NNLO +
e 'n. . jet = = | Scale uncertainty T
p; refers to: p4et or <p;> E L o i =
2t % s 96 i 8] 6 B0
a, results and x2 values kil W e | .
. N - g [} i
* Spread of results covered by scale uncertainty £ o11tg e + e i )
. . . . 3 . 1 @
X2 values are similar for different choices o I
-> NNLO with small 'scale dependence' e e T amEn T
) ) =
Use of only NLO matrix elements _2fg 1
« Large scale uncertainty = 155 o
« Large dependence of result on scale choice o b b s e
* Mainly larger x2 values than NNLO 1L > 2 - -0
» Larger fluctuation of x2 values than NNLO CHlwoNNLOJET f ]
"% w 'i”ﬂfNE G ;;.‘ =T
( . \ il = - il S
| NNLO with reduced scale dependence | 3 S
- g Scale choice (HEJF) Scale choice (u;F)
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Dependence on the PDF

PDF is an external input to NNLO calculation

PDF fitting groups differ
 choice of input data sets,
PDF parameterisations, model parameters,
fit methodology, etc...
* Though:
different PDFs appear to be quite consistent

Choice of a, for PDF determination
« a,(m,) important input parameter to PDF fit
« Small correlation with fitted results

Our a result

0.13

0.12

Ol (mz) from fit to H1 jets

0.11

1.2

X2 Mgy

H1 inclusive jets

H1 dijets

I ’ | aiel i Faal e
~ PDF selection a,-fit NNLO
¢ O NNLO total unc.

" — NNPDF3.1

- -- ABMP

r ---CT14

" HERAPDF2.0
F e MMHT

. . " H1ana NNLOJET
« almost independent on PDF assumptions i stk R SR * S -
0.1 0.12 0.13 0.1 0.12 0.13
a£PF () of PDF afOF (m,) of PDF
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H1ana NNLOJET H1 inclusive jets ¢4 Hijetdata [EINNLO

Comparison of NNLO  sfreesws g ff 4o
- = = 05 4
1.5 I H1 HERA-l low-Q? ]
predictions with data I g R s <
= ):5F H
% 1.51 : H1 HERA-I high-Q? . e . .*+ ;aiq *ﬁ#:
s 25 H
- All H1 jet cross section data compared to = "o IS A B |
NNLO predictions 5 W W'H ¢
« Inclusive jets s RNy
» J 1 o mete o M e
* Dijets 05 ¢ ) ¥
6.1 9.0 11.3 15.6 19.1 212 283 304 424 56.6 106
ﬁ [GEV] (Axis and data points within a fi-range not to scale)
« Overall good agreement
* NNLO describes all data very well
 Also justified of course by good x2 values i UL "NLOJETE H1 dijets+ el b i 8
Of the fltS -1 _ H1{s=300GeV high-Q ﬂ+ : Li# + # !!#
05
1.5 F Hi A-l low-CP
» Great success of pQCD 9 051}H i — Ay
gl; 1:5 _‘&HA-II low-Q°
° 1 Ss®a0t¥08 gosngive % ‘.*_#?
05 § i +J.+ H;
1.5 ' H1 HERA-II high-Q? i
o Bomete o Mo
.6.1 9.0 11.3 15.6 191 212 283 304 424 56.6 106

fi [GeV] (Axis and data points within a fi-range not o scale)

Terascale Workshop, Nov 2017 Daniel Britzger — a_(m_) in NNLO using H1 jets 15



Tests of running of strong coupling

Test running of strong coupling = [ B World average (Pocre)
« Perform fits to groups of data points at similar &  »q i et S
scale

* JADE 3-jet rate [NNLO+NLLA+K]
+ ALEPH Y, (Dissertori, et al) [NNLO]
= OPAL y,, INNLO]
GFitter EW fit (vLoj _
+ CMS inclusive jets 8TeV [NLO)

e Assumes running to be valid within the limited
range covered by interval

« All fits have good x2 0.15

Results 1
« Consistency with expectation at all scales Sidk
« Scale uncertainty dominates at lower u .
. . . . .. PRS0y i
« Consistency of inclusive jets and dijets e
g 0.1

016k . = e
6 10 30 100 300 1000
p, [GeV]

Most precise test in range 7 < u < 90 GeV
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Alternative a_ fitting approach

'PDF+o_-fit
H1PDF2017
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Alternative a_fitting approach: 'PDF+a_-fit'

Simultaneous fit PDFs and a, o= ) / dx fi (@, pr )0 (T, PR PF) * Chad,i
 PDFs are predominantly determined from H1 k=9.4.9
inclusive DIS data

Perform H1 alone PDF fit: HIPDF2017

Data set (? domain Inclusive Dijets Normalised  Normalised Stat. corr.
° Use (a”) Hl |nC|US|Ve DIS data [ref.] : jets inclusive jets dijets between samples
. . . 300 GeV [17] high-Q* v v
« Use (all) H1 normalised jet cross section data HERA-L (23] N
_ H HERA-I [21] high-()* v v
> 1529 data pOIntS HERA-II [15] low-Q? v v v v v
HERA-II [15,24] high-()? v v v v v
Normalised jet cross sections
* Jet cross sections normalised to inclusive DIS
o Correlat|0ns Of jetS and InCIUSIVe DIS Cancel Data set Lepton NE Q? range NC cross CC cross  Lepton beam
[ref.] type [GeV] [GeV? sections  sections  polarisation
. Combined low-Q* [64] et 301,319  (0.5) 12 - 150 v
PDFS are parameterlsed as Combined low-E, [64] ¢ 225,252 (1.5) 12 - 90 v
94 - 97 [61] et 301 150 — 30000 v v
98 — 99 [62, 63] e” 319 150 — 30000 v v
;(;f(;(;)'ﬂo — ngjfB(l — Qj)fc(l + fD;U + fE;UQ) 99 - 00 [63] et 319 150 - 30000 v ¥
HERA-II [65] et 319 120 — 30000 v v v
HERA-II [6G5] e” 319 120 - 50000 v v v
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PDF+o_-fit - HIPDF2017 nNLoj

Result for PDFs PDF+a -fit
« Set of PDFs determined with high precision e Using H1 jet data allows a precise
« Despite q, is a free parameter to the fit: determination of the gluon PDF and a,

precision is competitive with gloabl PDF fitters « x2/ndf ~ 1.01
* Gluon at lower x-values tends to be higher
-> nowadays: also favored by small-x

resummed PDFs

T [I'Il '[ T 'IT[iIIl

— H1PDF2017 [NNLO]

-------- NNPDF3.1 (= 0.114)
W= 20 GeV

xf
o

Xg

Gluon and singlet PDFs 1

B NNPDF3.1 (a, =0.118) -

5 [
0 f_|-||1and NNLOJET |
167 10°* 107
X

] 1 1 T 1 |
| Correlation of as(mz) and gluon density

| [LJH1PDF2017 -- Fit without jet data

- =
= e g | 4 NNPDF3.1
= - ! 8 |
T o9f 3 { ‘-
e ' S 2 5
2 44 F XX - o : s
CHEL 13 Nl
g 1.0 jmm e L } -
: ] | 68%C.L.of |
0.9 __H|1 and NNLOJET IJF.—_QOGQV__ . H1ana NNLOJET . Hlessian errors |
Coil 1 TV O o W ' PR i 0| — 1 1 1 1 L i
1078 1072 10- 0.11 0.12
X 0g(m.)
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Results

a.determined in PDF+a -fit

) \‘ o determinations in NNLO H1anda NNLOJET
Ofs(:"fnZ) = (0.1142 (11)0xp:had,PDF (Q)mod (Q)par (26)scalc ABM | . |
* ) ABMP ——
« High experimental precision BBG e
« Moderate theory uncertainty from NNLO TFERAPDFZOJetS ey .
C : NNPDF ——
omparison MMHT . N
« Higher precision than most of other Pre-average DIS jpocts) ——e——
(comparable) determinations
-> PDF groups commonly determine exp. H1PDF2017 —e
uncertainties (only) H1Jets @>2m,) i
-> We further estimate scale uncertainties H1Jets @>28Gev) b
H1idets ({>42Gev) = +
* All H1 results consistent World average (pocie e
» Results competitive with world average el i e S
0.11 0.115 0.12
 All results from DIS data tend to be lower than s (M)

world average value

Terascale Workshop, Nov 2017 Daniel Britzger — a_(m_) in NNLO using H1 jets 20



Conclusions

All H1 jet data confronted with NNLO predictions
 NNLO provides improved description w.r.t. NLO
« Quantitative comparison of all data
* NNLO predictions studied in great detail

NNLO used for determination of a,(m,)
* agfit (/s (mZ) = (0.1157 (QO)CXp (G)had (S)PDF (2)PDF&5 (S)PDFsct (27)scalc
» as+PDF-fit as(mz) = 0.1142 (11)exp had, PDF (2)mod (2)par (26)scale

* High experimental and theoretical precision

NNLO predictions for jets are used for PDF fits for the first time
« Successful determination of gluon-density and a,(m,) simultaneously

« Competitive precision of PDFs and a,(m,)

Fruitful collaboration of theoreticians and experimentalists (H1 & NNLOJET)
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Study of total uncertainty

H1 jets

_|:|Exp Iuncertainty | [

Scale uncertainties at various scales 8 2l

» Atlow-u: large scale uncertainties... g LAl PDF uncertainties Bk

« ... but also high sensitivity to a,(m,) - =$ﬁ2::er§' Eﬁigftgimy

ey g

Fits imposing a cut on scale o

« Repeat q fits: L

successively cut away data below u., 3

Results 4f i

« Scale uncertainty decreases with g, E - H1aoNNLOJET

« EXp. uncetainty increases with 678 10 50 30 40

A, [GeV]

CCut on u can balance between exp. and theoretical uncertainties at constant total precision )
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a_(m,) dependence of cross sections

Jet cross sections directly sensitive to a,

dx fi.(x ,up)c}(' )(39 IR JLF) * Chad

D

n=1 k=g,q.q

Two o -dependenc:es

as

PDFs 3

557 = o ()% (@, s )

» Predominant ag,-sensitivity from ME's
* PDF's with almost negligible sensitivity

0.118)

6 / o(ay(m,)

0.118)

6 / o(ay(m,)

1.4

1.2

1

i
A%}

s

0.8

Inclusive jets
H1 HERA-II phase space

Dijets
H1 HERA-II phase space

Ll b [ e e ) T e B | Pl el e [ e
- 16 < Q% < 22 GeV?
7<F'T¢1‘iGeV

i e b | [l e e e b |
16 < Q% < 22 GeV?
7 <(P;)< 11 GeV

30 < P, <50 GeV

e H1 and NNLOJET

J/ \ i _. TS [ R TS TN 0 O TS DN T P3| Y [T 0T (00| L O (0
Ay Hard M E S /l L L T ) L B ——
of _ 141 400 < Q? <700 GeV?

| - -varyonly ol (m

400 < Q% < 700 GeV?
30 < (P;) <50 GeV

— a“(mz) ar(m )
~-vary only o ( Z)

m)

-----------------

011 0.115 012 0125

O (mz)

041 0d1n 042 0125

Ol (mz)
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a_dependencies separately

fitted

Fits to H1 jets
* Inclusive jet and dijet data fitted together BE RS IF‘ltl e e
« Fits performed for different PDFs i b :
0.14 - ifA -~ NNPDF3.1 (0f=0.116) 7
. . : A —NNPDF3.1 (of”=0.118) -
Fits with two free a, parameters = : - NNPDF3.1 (a"-0.120)
A - 0.13 - S
0 = flal(mz)) @ 6r(ad(mz)) - Chad 2 : :
P |
Results ~ 0i2L i
* Most sensitivity arises from matrix elements e ) i
« Best-fit a,-values in 's and ME's are consistent i I
« Anti-correlation between a.,°oF(m,) and a.,r(m,) 0.11 -_H'I|anduNNL? JET | oL 5

0.11 0.12 0.13 0.14

oc&(mz) from fit

S
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as(msz) values from H1 jet cross sections

Data Peut as(mz) with uncertainties th tot xg/ndof
Inclusive jets

300 GeV high-Q? 2my, 0.1221 (31)exp (22)had (5)PDF (3)PDFa, (4)PDFset (36)scale  (43)th  (53)tot 6.5/15
HERA-I low-Q? 2my, 0.1093 (17)exp (8)had (5)PDF (5)PDFas (T)PDFset (33)scale  (35)th  (39)tot 17.5/22
HERA-I high-Q? 2my 0.1136 (24)exp (9)nhad (6)PDF (4)PDFa. (4)PDFset (31)scale  (33)th  (41)tot 14.7/23
HERA-II IOW-Q2 2my 0.1187 (18)exp (8)had (4)PDF (4)PDFa. (3)PDFset (45)scale (46)+n (50)tot 29.6/40
HERA-II high-Q?  2m,, 0.1121 (18)exp (9)nad (5)PDF (4)PDFa, (2)PDFset (35)scale (3Men  (41)tot 42.5/29
Dijets

300 GeV high-Q* 2my, 0.1213 (39)exp (17)had (5)PDF (2)PDFa, (3)PDFset (31)scale  (35)th  (52)tot 13.6/15
HERA-I low-Q? 2my, 0.1101 (23)exp (8)had (5)PDF (4)PDFay (5)PDFset (36)scale  (38)th  (45)tot 10.4/20
HERA-II low-Q? 2my, 0.1173 (14)exp (9naa (5)PDF (5)PDFas (3)PDFset (44)scale (45)th  (47)tot 17.4/41
HERA-II high-Q? 2my, 0.1089 (21)exp (T)nad (5)PDF (3)PDFa. (3)PDFset (25)scale (27)en (34)tot 28.0/23
H1 inclusive jets 2my 0.1132 (10)exp (5)had (4)PDF (4)PDFa. (2)PDFset (40)scale (40)tn (42)t0t 134.0/133
HI inclusive jets ~ 28GeV  0.1152 (20)exp (6)had (2)PDF (2)PDFa, (3)PDFset (26)scale  (27)eh  (33)tot  44.1/60
H1 dijets 2my, 0.1148 (11)exp (6)naa (5)PDF (4)PDFa, (4)PDFset (40)scale  (41)th  (42)t0t 93.9/102
H1 dijets 28GeV  0.1147 (24)exp (5)had (3)PDF (2)PDFa. (3)PDFset (24)scale (25)tn (35)tot 30.8/43
H1 jets 2my, 0.1143 (9)exp (6)had (5)PDF (5)PDFas (4)PDFset (42)scale (43)tn (44)tot  195.0/199
H1 jets 28GeV  0.1157(20)exp (6)had (3)PDF (2)PDFas (3)PDFset (27)scale  (28)th (34)tot 63.2/90
H1 jets 42GeV  0.1168 (22)03(]3 (T)had (2)PDF (Q)PDFQS (5)PDFset (17)scale (20)¢n (30)tot 37.6/40
H1PDF2017 [NNLO]  2m 0.1142 (11)exp NP, PDF (2)mod (2)par (26)acale (28)cor  1539.7/1516
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B World average poai1e] =
® H1 jets [NNLO]

O H1 jets [NNLO] (fi<em,)

¢ H1 inclusive jets [NNLO)
0 H1 dijets (NnLO)

678 10 50 80 40 100
1, 1GeV]
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Data set NG L DIS kinematic Inclusive jets Dijets
[ref.] [GeV] [pb™] range Mjets = 2
300GeV 300 33 150 < @ < 5000GeVZ 7 < PI* < 50GeV P > 7GeV
[17] D2<y< b6 8.5 < (Pr) < 35GeV
HERA-I 319 435 5 < Q% < 100 GeV? 5< P <80GeV  5< PI <50GeV
[23] 02<y <07 5 < (Pr) < 80GeV
mio > 18 GeV
({(Pr) > 7GeV)*
HERA-I 319 654 150 < Q2 < 15000GeV? 5 < P < 50GeV —
[21] 0.2<y< 0.7
HERA-II 319 290 5.5 < Q? <80GeV? 4.5 < PE* < 50GeV P& > 4GeV
[15] 02<y<0.6 5 < {Pr) < 50GeV
HERA-II 319 351 150 < Q%> <15000GeV? 5 < PI <50GeV 5 < PI* < 50GeV
[15,24] D2Z<y=< 07 7 < (Pr) < 50GeV

myo > 16 GeV
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Inclusive jet cross sections

Inclusive jet cross sections
e low Q2. 4.5<P;<50GeV
e high Q2: 5 <P; <50 GeV

Predictions
e NLO, aNNLO & NNLO

NLO

» Data well described within uncertainties
aNNLO

« Somewhat improved shape description
NNLO

* Improved shape and normalisation

* Reduced scale uncertainties for larger

values of p,

Also measured
* Normalised inclusive jet cross sections

ol oy,

<QP<8GeV?

/) B<QP<11GeV?

S/,

11<Q’< 16 GeV* 1

Lol i | 20 30

5§ 7 10 20 30

5

7 10 20 30

5 7 10 20 30

Y [GeV] P! [Gev] PY [Gev] P! [GeV)
E| =] Q
22<QP<30GeV? 7 OE - 30 < Q%< 42 GeV? 42 <P<B0GeV? 7 52 : 2 60 < OF< 80 GeV?
3 ‘B 4 3 --6 uf
hp ”
08
06

20 30
Py’ [GeV]

H1 Inclusive jets

& 7 10

$ H1HERA-I

H1 HERA-II
Eur. Phys. J. C75 (2015) 65

\ Systematic uncertainty

. MNLO @ hadr. corr.
% NNLO & hadr. corr.

= aNNLO @& hadr. corr.

5 7 10 20 30

P [GeV]

5

7 10 20 30
P! [GeV]

5 7 10 20 30

Py’ [GeV]

9
v
e .

B 200<Q%<270GeV? {

ie

HLD

20 30 40
P [GeV]

20 30 40
P [GeV)

20 30 40
Py’ [GeV]

700 < Q*<5000GeV?

NLD

-]
=
-]

20 30 40
P [GeV]

6

20 3040
P [GeV]

10

20 3040
Py [GeV]
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Ratio of dijet cross sections to NLO

Scale uncertainty
» So-called '7-point scale variation":
Vary u, and u, independently by factors of 2

and 0.5, but exclude variations in 'opposite’

o/ oy,

directions 6 10 20 3040
(Py), [GeV]

16< Q%< 22 GeV?

o/ oy,
S/ Gyo

Ratio to NLO prediction
« NLO give reasonable descriptions 2
within large scale uncertainties 08

« aNNLO improves shape §2

6 10 20 30 40
(Pp), [GeV]

o/ oy,

 aNNLO expected to improve ° 0 ey e
description at high <p;>

« NNLO improves shape dependence

» NNLO predictions have smaller scale _

uncertainties than NLO at high-<p;> 08

o/ S0
6/ 0y0

6 10 20 3040 6 10 20 30 40

(Pp), [GeV] (Py), (GeV]
60 < Q<80 GeV? H1 Dijets

3 + H1 HERA-II

--—-—- TR § Systematic uncertainty
: [ NLO ® hadr. corr.

— aNNLO @ hadr. corr.

6 10 20 3040
(P,), [GeV]

6 10 20 3040

’7’4'7’} NNLO ® hadr. corr.
(P),[GeV] 7
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Phenomenological application

PDF dependence of inclusive jet cross sections

« Cross sections as a function of Xpp¢
« P.-bins probe different x-regions
« Lowest x-values: X ~ 103
« High-P; cross sections: x> 101

» x-dependence shows little dependence on Q2

’
’

B jGa

H1 Inclusive jets < ||
Al

" 4 H1 HERAN
H1 jets may become important for PDFs { Mo &
e high_x gluon ," Proonsen & I
« only a single hadron involved (decorrelate high-%4--> low-x) i
Cross sections for 16 < Q?< 22 GeV? '
E 106 jet
ol —— 45<P7 <7GeV
el |1 NE@ s atiEs 7<PT.<11GeV
§ 1ot 1;2 l:%i 12%%2\{’! : Gross section in bin 25 Cross section in bin 30
g oreem: 5 F*Tt<35 GeV g g ;
10 S Saisd 35-<F’|~|'—3 <50GeV g 3000 —— NLO ~ 0.018F — NLO
e e = £ LO 2 oo0t16F LO
8 2500F - Gluon only 8 0_014;_ <. Gluon only
10 . 2000 22 <Q*< 30 GeV? 0.012 27 <« Q2 < 30 GeV?
Gl R e el e 4 45< PTjet <7 GeV 0.01F 35 < P et < 50 GeV
1500 0 003:_ U
==, [ FE SR - - R d -
10 1000f 0.006}-
102 i 0.004f-
1 0—3 1 Ll 11 1 11 i 1 L1 1 1 1 1 L 11 E 0-002;_
10°° 107 107 1 o= ey P 0" e g
0 10 10 1 —3 D e
x [PDF] x [PDF] 10 = b X [F'DF]1
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Determination of the strong coupllng o (M )

o GeoETT T
= - . World average 2016
Determination of a (M) in a fit to > - it
H1 HERA-II jets 0.5 e
. INClusive |els In yp [NLO]
* Use low- and high-Q2 data ALEPH y, [NNL0) Diserr, ot
* Low-Q2 jets [arxiv:1611.03421] 0.20 * JADE 4-jet rate (NLONLLA]

n OPAL Y 5 INNLO]
4+ CMS inclusive jets 8TeV [NLO]
¥ DO R,R INLOJ

* high-Q2 jets (Eur.Phys.J.C75 (2015) 2)

» Use all normalised jet cross sections ;
* All correlations of uncertainties are known 0'15: o %

o Fit a,(M,) in x2-minimization procedure " E L‘&“

0.10:!1:1

II|IIII|[III|IIII|IIII|

f

—~ 013} ' y
Two results (NLO) < o2 j‘irryj*ﬁ'ﬁ'rl’ =
- g 0.11 : i
e Probe running of a (u,) i ; e
« One fit to all data points together: a,(M,) "5 i0 2030 100 200 1000
. u [GeV]
s(Mz) = 0.1173 (4)exp (3 7)pDE(as) (1 1)pDFset (6)had (733 )scale
a’k(. z) = 4) p (3)ppF (7)PDF(ay) (1 1)PDEset (0)n: cl( ) 1 World average (PDG2016)
» Very high experimental precision a(M,) = 0.1181 + 0.0011

* Future improvements on dominating theory uncertainties in NNLO
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